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The problem of electromagnetic processes occurring in transmitting
(feed) and recelving circuits arose in field studies in connection with
the practical use of these circuits to estublish an electric field in the
earth, m fmpartance of this problem becomes clear if the initial Propo-
sitions consequences resulting from the theory developed by A. N.
Tikhonov ﬁ, g7, Corresponding Member, Academy of Sciences USSR, are taken
into consideration.

The initisl propositions are:

1. A solitary sjuare-wave nulse is transmitted through a conductor
grounded at both ends (transmitting dipole).

2. The wave {ront theoretically rises alnost instantaneously, after
vhich & constant current flows in the transmitting dipole.

Paseging through the transmitting dipole in%o the earth, the square-
wave pulse is transformec by the electrical properties of the rocks in the
reglon under study and is intiuenced by the distance between the transmit-
ting and receiving points. In particular, for the case of a homogenecus
end isotropic earth, the time required for maximum current, or the estab-
lishment of the electric field in the =arth, is cxpressed by the formula:

t equals 0.311&){2,/1’, where t is the characteristic time in seconds, X is the
distance between the transmitting and receiving point in kilometers , and P
is the resistivity of the earth in ohms per mcter.
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For nonhomogeneous carth, the formula becomes somewhat mors com-
plex. ;
14,
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If ve evaluate the full time necessary for maximum field at the i
recelving noint for the lowest values of X (around 50 meters) used in
practice, and for thke customary values of resiativity P (of the_ﬁrder '
of 20 to SC ohms per meter), we find a value of approximately 107 gec- B
ond. For the largest values of X (of the crder of kilometers) used ¢
in practice, the time required for maximum field may be of the order ,
ol s2conds. The form of the curve for field growth may ve quit= di- I :
verse.

Thus, we may now formulate the practical requirements for measur-
ing circults (trunsuitting and receiving dipoles) which are necessary
for any method of conducting field studies.

1. Distortion of the Square-wave pulse by the transmitting dipole
(the conductor and the ground system) is permissible as long as the
length of time necessary for meximum pulse to form et the ends of the
dipele (at the grounds) is not greater than 1075 second i.e., is more
rapid by one order than the time for maximum field at the receiving
point for the lowest values of X and P encountered in practical work.

2. Some distortion of the received pulse by the receiving dipole
(conductor and grounding aystem) 1s permissible so long as it is not
excessive.,

As was pointed out above, the transmitting and receiving circuits
are dipoles whose dimensions nay vary with the distance between their
centers, i.c., from sevarel neters to several kilometers.

vhat are the processes thz* actually take place in the transmitting
and receiving dipoles? Let us {irst consider the transmitting dipole.

The equivalent circuit of a transmitting dipole jg shown in Figure
1, where AB is the length of the dipole conductor, €D is the return con-
ductor (the ground in this case), ) is the effective resistance includ-
ing the ground resistance and :he internal resistance of the thyratron
tube, R is the resistance of the ground B (effective resigtance), C is
the capacitance between the conductor and ground, and L is the inductance
of the conductor lying on the ground.  The yusastities 77 and L are distribu-
ted along the entire conductor length.

The square-wave pirlse fed into the trangmitting dipele is generated
by a thyratron generator 137 and rises to its maximum in approximately
10-7 second, the time for firing the thyratron.

trho An v

Thus, the problem in this case reduces to tne agtomination oi the
distortion of the form of the transmitted pulse due to reflected current
and voltage waves which arise when the circuit is closed.

It 15 not difficuls, however, to show that these oscillaticns do
not last long enough to change materially the form of the square-wave
pulee in the conductor.

Let us consider an average dipole, 100 mcters long. If a conductor,
one meter long, lying on the ground has an inductance of 10- henry and
a capacltance of lelO'12 faerad, then for a dipole 100 meters long we
have L equal to 10-4 henry and C equal to 15x20-1C faraa. 1+ we con-
sider that the ohmic resistance of the conductor is very small and the
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leakage resistance very great, then the charactevistic impedance of the i
conducter is W= T7/C7 = V10-0/15x10-13F . 390 ohms. o

Since the ground resistance at the end of the conductor is of the &
order of 100 ohms, then the cosfficient of reflection is equal to ‘& :

100/300 eguals 1/3. Ry

A single wave is propagated in a conductor 190 meters long in
VIC = J10-BEx15:10-10F . Lx10-T second. After quadruple reflection, !
the ampl?tude of the reflected wave In the conductor will only make up
(1/3)% of the amplitude of th: wave transmitted to the earth; i.e., about
one percent end this cccurs in Lxkx10-T second eguals 1.6x10-0 second.

Thus, a 100-meter dipole can lengthen the time necessary for the
wave front of a square-wave pulee to reach its maximum only by 1.:5%10-6
second, a magnitude fully admissible In practice.

If the length of the dipele is increased, say up to 100 meters, the
vave front of the transmitted pulse zey be lengthened by 1.6x10-9 second,
vwhich is fully satisfactory from the viewpoint of theoretical reguire~
ments, the more so, if we consider that & dipole 1,000 meters long corre-
sponds to a distance between the transmitting and receiving points for
which the time for establishing the field is measured in tenths of a
second or even seconds.

The above propositions were checkec expirimentally in the following
manner:

A single squa.e-wave pulse was fed into a 200-meter divole, grounded
at both ends, by a thyratron generator (see -ircuit in Figure 2). The
potentirl difference at the ground B was applicd to the vertical plate of
an oscilloscope. Closing of the circuit was --gulated so that the hori-
zontal sweep led the pulse of the thyratron gencrator by a certain time
interval.

Figure £ also shows a copy of one of the oscillograms obteined, which
depicts the process of current growth in the transmitting dipol=. The
time dimension is placed beneath the oscillogram on the horizontol axis,
vhich division of which zquals 1x10-% second (nonlincar scale).

From Flgure & it is seen that, aiter a lapse of approximately 1x10-4
sccond after the beginning of the horizontal sweep, the potential differ-
ence from the ground B appears upon the vertical plates of the oscilloscope.
A square-wave o.n lor the current growth in the dipole 1is obtain=d, and
even visusl obscrvation shows that the form of the syuare-wave wulse re-
maing undistorted within a time interval of 1:1)-5 second.

B TOW Consider the ToCCiving dipole.

[

The equivalent circuit for the receiving dipole is identical with
the circuit for the trensmitting dipole with the one difference that the
resistance Rp, which is the leakage resistance of the grid of the input
anplifier tube, 1s equal to 1/2 megohn L3/ -

From the standpoint of wave processes, the shencmena ocairring in this
dipole must be similar to processes in the transmitting dipole, inasmuch
as one end of the receiving dipole conductor is grounded through a low re-
sistance Rj. loreover, since it is not necessary to obtain minimum values
of ground resistance in the receiving circuit, =s it was in the transmitting [
circuit, then, as the experiment showed, the one-prong grounding installa-
N tion has & resistance R} which approaches the characteristic impedance of
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the conductor, meking concitions less favorable for the emerzence of RNRS -
rerzcted waves in the conductor. -

An exverimentel test oo Jiried the considcrations presern:ed above,
as illustrated in Figure 3. dere an oscillogrem depicts the -assing of i ‘
& square-wave pulse through the receiviug dipole connected in the usual N !
WANNET o s

’

The osclllogram shows thet the square-wave form of the pulse is not
disturbed even -ithin the naivow section of the curve corresponding to B
a time of 10~ :econd.

Thus, % .:ay consider it establlshed that the electromagnetic proc-
esses wiich take place Loth in the transmitting and receiving circuits
do not in ;ractice distort th- Jorme of the transmitted and received

pulses.

The conoidersztions and con:iusiocns introduced above apply with
equal strength to trensmitting and rezeiving circuits used in directe
current electrosroscecting. o ua~ this fect for clarification of the
following problim.

The so-:ulled irnduction -henomcnon iz usually encountered in field
electropros:;vcting. . his is assum . to b aue to the influence of the
current in th. transmi Lting conductor upon the receiving conductor and
creates consiccrezble noige during fieid mewsurements.

An oscillo-r.phiz ctudy of the »rocesses in measuring circuits
forces the conalv “on “hot the induction rhienomenon, to which reference
is often mad: 3r. .. - sprospecting literatare, does not exist. Actually,
if we imagine that + ctric fie)1 i ectoblished in the earth as fast
as it is in the trungiitting conductor, ther: the form of the pulse re-
ceived woul: «linys be s usre and the neasusln- orocess for the given
lines would be ne differont from the m2asuring crocese for short lines.

The imposs'bility o the cmergence ¢f incuctive electromotive forces,
in the receivin; condu:or vas simply and clieverly proven by A. N. Pik-
honov. His proof £o'leve:

It 18 knowu that li.uctive electramotlve farces are possibly only in
& closed system Loaving - definite wre i7 th> system consists of two
conuected adjacen’ lineos conductors. inductive electromotive forces
cannot arise.

circult is a systowm consisting of two connected

Tthe first conducto: is the cable prover and the
Tn su-l 2 systom, inductive electromotive

An actual receivi:
and edjacent conductors
second conductor is the giround) . >
forces cannot arisc: iu distinction o %hz usun. system, however, the
ground is not a iinear corductor. As in nonlinear conductors, the induc- ~1
tive electromotive: Torczs which are inlveed Ty the magnetic field of the
transmitting cable's curent when the transmitting circuit is closed ariae

in it.

However, since the cleciric field in the enrth is dependent upon the
characteristics of th. -lectric layer, the pulse on the receiving elec-
trodes may vary slightly from a square wave, i.2., may not be established
instantaneously, for small distances between neointe end be considerably
elongated in time for long cistances between peints. Inasmuch as measure-
ments in the field ares carried out by the corpensation method under simul-
taneous closing of the transmitting and receiving circuits, while the curve
for the compensating potential difference has a square~wave form in all
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cases, it becomes understandable why measurements of potentiel difference
In the receiving circuit become more difficult with an increase in the dis-
tances between points.

50X1-HUM

On the basis of the above, the conditions used for measuring current .
strengths in the transmitting circuit by the accepted method must give cor- Lo
rect resulis, vhile measurements or potential difference in the receiving
circuit and, consequently, the values of resistivity calculated according
to these measurements may be and actually are, as has now become clear, in-
consistent with the actual values. As a consequence, the electrosounding
curves obtained are distorted and their interpretation leads to incorrect
conclusions concerning the geological structure of the reglon unuer study.

The accepted method of measuring potential difference as soon ag the
transmitting and receiving circuits are closed must be rejected. Instead,
we suggest the following measuring methods for long lines, when the time
required to set up the electric field in the earth becomes important.

1. Close only the transmitting circuit by an individual switch.

2. After a certain time lapse, necessary to establish the electric
field in the earth, measure the potential difference by the usual method.
The time, in seconds, necessary for full establishment of the field in the
earth cen be determined from the equation t plus X2/P or t equals 1.5X2/pP
where X 1s the length of AB in kilometers, and P is the resistivity of the
earth in ohms per meter. It will be sufficient if the arithmetical average
of previous measurements of P is used to determine this time. The first
measurement should be made X2/P seconds after the transmitting circuit is
closed and the second control measurement, after 1.5X</P geconds.

After two or three soundings, the optimum times which must be used in
the given region for measurements with various lengths of AB should be de-
termined.

The power supply used in field conditions are scometimes not modern
enough to maintain the current in the transmitting circuit at one level
for several seconds or even tenths of seconds. Therefore, to avoid errors,
the current vhich is actually flowing in the transmitting circuit during
meagsurements of the notential differences must be taken into consideration
in practice.

To decrease the flow of current, when it is necessary to keep the
transmitting circuit closed for 5 to 10 seconds or more, a rheostat may be
connected in series with it. After the circuit is closed, resistance may
gradually be introduced between the time when the transmitting circuit is
closed and the potential difference is measured.
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Figure 1. Equivalent Circuit of a Trans

mitting
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Figure 2. An Oscillogram, Showin
mitting Dinole (above)
ting Dipole (below)

A and B, dipole grounds ;
scope
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& Process of Current Growth in Trang-
and Circuilt Connections for Trensmit-

C, thyratron generator; D oscillo-

Figure 3. an Oscillogram, Showing Process of Current Growth in Receiving

Dipole (above) and Circuit Connections for Re

ceiving Dipole
(velow)

M and N, dipole grounds; C, generator; D, oscilloscope; E,
filter
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